

77 


-^tS^ T^-^^ . 



ASSOC. 8!-3-54?i]-19i 



907? P. 8/13 


a: 



^^^^^ /fl/iir rbsr^x 
elcdrult-pU 4' 


5- 


1~ 



3 


7 .... 


[/x>^e &'<i»ip' nvOw-k; , 


t V 


o 

-c ' •■ • 

.5.: — . 


rv '■■ 
■. 

CP ■ 
c: 




i ^ r^.^ ^w»cl tU^'oUv^^^reC 


rc.' 


^^^^^^^^^^^ 

V. 





ACKl, iSHM^ASSOC. 8i-3-54]0-1911 


5)71 ?. lC/!8 


iU 

1-4 

2 

-Z 

u 

ill 


IX 


u. 
O 

z 

o 

< 

o 


0!> 
LU 

< 


< 
CO 

O 


CO 
LU 
O 
< 

< 

g 


CO 
(0 

o 
o 


X 

E- 
o 

p 


I I > 

. o — 

E. " 
^1 * 


a 

< UJ 


o 

o 

c- 

o 

> 
o 


<n 




0). 


w 

o 

M 

? 


TO 

<b. 

O 
O 

rol " 


«^ 


c 


o 

."Jo 

o 

0) 

>» 

. > 

o 




< 

• 



0) 





(0 




CO 
Q> 
O 

o 



O 

no 


a 





0) 

o 

-C. 

2 

}ast 


u 


n 

Pit 



> 

o 


old 

o 

c 

■ MP 

o» 



X 




• 



^ ] J 

1^ .^^q:,-^ 


O 

2 

re o 
a -c 

O 3 
Z (Q 



o 

o 

■c 

a 

s 


• C 

£ ^2 

— 0) 


W E ^ 

2 VP TO 

X I £ 

:2> c o 

X «) il 


c:- r:!: - 


r ■ 


1' I 


•5^ 


TO- 
.m 
.0 

C3 


Apr. 2G03 !8:02 


AOKl, iSHl^SSOC. 81-3-547 0-19! 


O 


Fjg^JTC 8. An.e3Cflmi)^ of i^^ 



FigTirc 9. Cross sections of ^ol<i€ir buanps fonncd using 
solder balls of 100 \Jxn in diaineter onKi /Atx UBMs by 
. clcclroless plating. 


907? P. 11/13 





AO 



D- 
9 

•30 



« 

:i6 

G 


v 

10 

a. 



0 


MicTo-ball 
bumping 

Avr. 84 

rain : SZ,0 
. a>r:84.2 
's\A : 0.9 . 








-8 -6 --4 -1 0 . 2\ .4! ' 6 «• ' 
Diffejciice of jbuinp li eight (iJLin) 
Figure 12a, Height variation of inicxo-ball buirip (bumps 
fonncd by micxo'-bail buroptng). 



50 



I 

40 

o 
o 



30 

1 


1 

20 

« 

A. 



10 


0 


paste printing ' 

. max : 104".0 ■ 
mih : 92.0 • 
' avr:98.8 
std : 2.9' 



Ayr. 98 pra- 



-g.. -6 ' -4* -2 a 2, .4 ' 6 8 
DifTerencc of bumpheiglit (pm) 
Figure 12b. Height variatiou. of paste printing <b\imps 
formed by priuting psiste). 



■ ^3 
m 


figure 10. Height variation of micro-ball bumps in aii 8 
inch ^vafer. 


Figure 1 1 . Shear strength variation of micrp-baH bumps 
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Abstract 

A new wafer bumping method using micro-balls 
developed that can be used for high-density LSI assembly, 
specifically for Flip Chip interconneciion. Micro solder bails 
with the diameter ranging from 60 \m to 200 |lliti were first 
formed with a high level of accuracy and sphericity. These 
balls were transferred and bonded to the whole electrode-pads 
of an 8-inch wafer in one stroke using a fully automated micro 
ball mounter, which was newly developed. The balls were 
held on fluxed pads and melted in a reflow furnace. The 
fluxing was performed using unique stamp system. The 
productivity and the yield were evaluated under the following 
conditions. The number of chips on an 8 inch wafer was 616, 
Pad pitch was 250 \lm. Pad number of a chip was 625 (25x25 
area array), and the total number of balls on a wafer was 
385,000, The yield of forming bumps was confirmed to be 
higher tlian 99.995% widiout repairing and the cycle time of_ 
micro ball bumping was ca. 5 min. for an 8 inch wafer, the" 
hump height variation, the bump shear strength and the bond 
reliability were evaluated in comparison with other methods. 

Introduction 

The technology of connecting semiconductor chip 
electrode pads to lead frames with bonding wires finds plenty 
of field-proven records, attesting to the high level of 
reliflbtliry. This wire bonding technology, ihereforSj has so far 
been widely used due to the good bonding quality as well as 
the flexibility of packaging design. The wiring length, 
however, sometimes poses a problem as the level of density is 
further increasing and high-speed devices are required to 
deliver even greater high-frequency^ performance, hi thts 
situation, part of the chip imerconneciion technologies using., 
bonding wires is being replaced by the TAB and Flip Chip 
interconnection technologies of forming bumps on chips and 
bonding chips via these bumps. Especially FC is the most 
suitable for ilie needs. 

Since the introduction of the Flip Chip technology by IBM 
in tlie 19603j various Flip Chip bumping technologies have 
been intensively investigated particularly in the past decade as 
superior high-density packaging technologies capable of 
delivering much better electrical performance and a high level 
of manufacturabiiity than the wire bonding technique [I]-[3]. 
A typical bumping technology in use today alloy's the UBM to 
be first formed in aluminum electrode pads and then solder 
bumps to be formed in tlic position of electrode pads on a 
wafer using shadow masks or photo-resist by means of 
physical vapor deposition (PVD), such as evaporation and 
sputtering. Although this vapor deposition process has proven 
track records with respect of its reliability, a large vacuum 


chamber and photo-masks are required and consequently the 
cost becomes high. In addition, it is pointed out that the 
majority of vapor-evaporated metals arc no( used as bumps 
and eventually become wastes. 

Smdies in die technology of forming solder bumps using 
the plating process have progressed to a stage Wiere they can 
currently achieve commercial viability. Some drawbacks, 
however, are pointed out: complex process, environment- 
related problems that trmst be resolved, and the freedom of 
alloy plating composition selectivity smalK Although the 
current main alley composition that is used is Pb-Sn alloy, ii is 
anticipated that the use of Pb is restricted for the reason of 
environment-related problems, indicating the need to use 
various types of Pb-free alloy solder. 

The method of forming solder bumps by stencil printing or 
screen-priming the solder paste is recently being made 
practical. It is understood that this method has the advantage 
of greater throughput and sruperior solder material selectivity 
but is not suitable for the fine pitch bumping operation [3] . 

This paper describes a new technique for forming Flip 
Chip bumps on a wafer, feamrtng the formation of micro-balls 
with a high level of precision and sphericity. Using this 
technique, bumps can be formed with high precision and 
efficiency and, at the same time, much greater flexibility in the 
selection of bump metaJs becomes possible. The comparison 
of each forming method is showii in Table I . 

Table I. Comparison of bumping methods for Flip Chip. 
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Micro-Bflll Preparation 

Various Pb-Sn alloys, Pb free solder marerials and other 
metals of relatively high melting points can be used as the 
bump material. The ball material in solid form is cut into units 
of specified mass that are heated and melted ac temperature 
weti higher than the iTiaierial*5 itieltrng point and made into 
balls. The surface tension of liquid metal function to produce 
balls those make a high level of sphericity. After considering 
the melting point and oxidation characteristics of the material 
to be melted, the most appropriate atmosphere, such as, a 
vacuum atmosphere/ a gaseous atmosphere or a reducing 
atmosphere is selected. The height and pitch of bumps lo be 
formed on electrode pads are considered to determine the size 
of balls. 



Figure 1. SEM images of micro solder balls, a) 96.55n-3.5Ag/ 
60 Mm in diameter and b) 63$n-37Pb/ 100 ^m in diameter. 

Figure 1 shows SEM images of solder balls. In Figure 1- 

a) , Sn-Ag bails of 60 \xm in diameter is shown and in Figure 1- 

b) , Sn-Pb balls of 100 in diameter is shown. In Figure 2, 
the size distributions arc illustrated- Variations are less than 
±3 Hm and die precision of both the size and sphericity are 
very high. In Figure 3 the diameters measured on x and y 
directions of SO balls (Left: Sn-Ag/ 60 f^m. Right: Pb-Sn/ 100 
um) are plotted. The tolerances of both sphericity and size are 
controlled within x3 fim. 
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Fi^re 2b. Diameters measured in x and y directions for Sn- 
Ag balls of 60 Mm in diameter (left) and Sn-Pb balls of 
100 M-m in diameter (right). 

Micro-Bflll Arrangement Method 

The balls are attached to die locations of the throagh-holes 
on one side of the arrangement plate by' reducing the pressure 
in the other side so posiiioned as to match the points where 
bumps arc to be fontied. These balls arc transfenred to the 
points where electrode pads arc located so that bumps are 
formed efficiently [6] [7]. 

In Figure 3, the process flow of transferring and forming . 
micro-ball bumps on the electrode pads is shown. For all 
micro-balls without any excess or shortage to be attached to 
the through-holes widi the arrangen^ient plate and retained in 
that position, it is necessary to make the micro-balls jump to a 
ccnain height by vibrating the ball container and bring the 
bonding head with the arrangement plate down and closer to 
the micro-balls. As shown in (1) of Figure 3, the micro-balls 
are retained in the Lhrough-holes (suction boles) by suction. As 
the diame:er of the micro-bails becomes Smaller, excess 
micro-balls tend to adhere to the portion other than the suction 
holes. Since the micro-ball's own weight is light, a suction 
leak occurs through an extremely small clearance between a 
nomialty attached ball and a suction hole, causing more than 
One micro-ball to adhere around one suction hole. 
Contamination and moisture content on the surfaces of the 
micro-balls also cause excess micro-balls to adhere to the 
arrangement plate. In order to remove these excess balls and 
continue retaining normally attached micro-balls in position, 
ultrasonic vibrations of the most appropriate vibration 
frequency and amplitude must be applied, as shown in (2) of 
Figure 3. 
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Figure 3. Process flow of micro-ball bumping 
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figure 4. Schematic diagram of the micro-ball mounier. 

A piezoelectric vibrator is operated to apply an ultrasonic 
vibration to the arrangement plate through the bonding head. 
Figure 5a and 5b show how excess micro-balls adhere ro 
arrangement plate and the effect of the applying ultrasonic 
(US) vibration. The micro-balls must then be viewed using an 
imaging processor to verify that the attached micro-balls are 
correccly arranged on the arrangement plate without any 
excess or shortage, as shown in (3) of Figure 3. If any of the 
micro-boils arc incorrectly attached, those balls must be 
removed from the arrangement place by using vacuuming 
nozzle. When it is verified by viewing the attached micro-balls 
tiiat they are properly attached and aligned, the head moves to 
the bonding stage where the micro-balls arc nligned to the 


electrode pads on a wafer to which che micro-balls are to be 
transferred, as shown in (4) of Figure 3. As tlie hsi step of this 
process, the bead is brouglit down and the micro-balls are 
touched to the electrode pads wiih a predefined load for 
transference, as shown in (5) of Figure 3. When the head is 
brought up, the pressure on che backside of the arrangement 
plate is increased above the atmospheric pressure to prevent 
the micro-balls from remaining on the ihrough-holes of die 
arrangement plate. Before uansferring micro-balls, the 
electrode pads are flu^ced by stainping or screen printing. The 
micro-balls are retained in posiiion of the electrode pads with 
die function of the adhesion strength of the flux. These 
temporarily retained micro-balls are heated to the temperature 
higher than their melting point in a furnace so tliat they are 
bonded to UBMs, as shown in (6) of Figure 3. 

The authors have developed a unit capable of handling this 
entire process flow from steps (1) lo (5) of Figure 3, fully 
automatically. Figure 4 shows a schematic diagram of a newly 
developed system which can be used for the wafer bumping of 
die size up to 8 inches- Wafers are loaded from a case using 
wafer robot. After detecting wafer position by alignment units, 
the wafer is moved to the fluxing stage, where flux is stamped 
on each electrode pads. The flux stamping plate has elastic 
bumps for transferring flux to die electrode pads. These elastic 
bumps arc located at the same position as the electrode pads. 
After flux stamping, the wafer is moved co che ball mounting 
position. Then the micro-balls are transferred by the method 
as mentioned above. The machine cycle time is ca. 5 minutes. 



Fig.3a. Without US vibration Fig.5b. With VS vibration 

Figure 5. An example of excess micro-balls adhering to die 
arrangement plate (5a) and correctly attached (5b). Ball 
diameter: 100 pim. 

Formation of Solder Ball Bumps on the 8 inch \vafers 

Since the solder has poor wettability with the aluminum 
electrode pads, it is necessary' to form the UBMs. Figure 6 
shows a process flow to form solder bumps by transferring 
solder balls. The UBMs are deposited on the electrode pads 
on a wafer and die flux is supplied to these electrode pads by 
scamping. The amount of the flux to be transferred co the 
wafer could be controUed by squeezed gap of the flux supply 
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In this experimenr, Ni/Au UBMs are deposited by 
electroless plating. The method of electroless plating has the 
advantage in cost reduction of UBMs fonnation compared 
with the physical vapor deposition. To evaluate die bumps 
formed by the wafer level bumping sysieiri we prepared 8 inch 
test wafers. On Al electrode pads (size: lOOx 100 um), Ni of 5 
pm in thicbiess and Au of 0.05 ^im in thickness are deposited 
after zincate prctreatment. Solder balls are then transferred to 
the UBMs as described in Figure 6. The balls attached to the 
electrode pads on the wafer are melted and bonded to the 
electrode pads in a nitrogen atmosphere of reflow furnace, and 
the flux residue is removed by cleaning. The success rate of 
iransfeaing the balls to the electrode pads is affected by the 
grade of ball diameter distribution and, therefore, it is 
necessary' to use the ball with small size variation. An example 
of ihe ball with the irregular sphericity leading to transfer error 
is shown in Figure 8. These ellipse balls may cause choking 
through-holes of the arrangement plate. 

In figure 7, a picture of an 8 inch wafer widi solder 
bumps and S£M image of solder bumps are shovvn. There arc 
619 chips in the wafer and 625 electrode pads per chip (25 x 
25). Total number of pads is 385,000. Euiectic solder bolls of 
1 00 fim in diameter are used, and electrode pads are set at a 
pitch of 250 |Jm. The balls arc positioned on the arrangement 
plate and transferred to the total pads on the >vafcr in one 
stroke. The success rate of ball transferring is obtained to be 
99.995% or more. The pad positions of bail missing are 
repaired by a single ball mount equipment, resulting in the 
achievement of 100% yield in bumping. In the micro-ball 
bumping method excess balls can be easily removed before 
reflow process. In Figure 9, a cross section of these solder 
bumps is sl^o^J^'n- There are no voids observed. The bump 
height and shear strength are measured, as shown in Figure 10 
and 1 1 respectively. Five different positions are selected for 
the measurements as indicated in the drawing of thfc wafer in 
Fig. 10 and 11. The bump height is 67. 6 ±3.5 |um and the 
shear strength is 56.23 ± 7 gf When a shear test is conducted, 
fractures occurred only inside the solder bumps. Variation in 
the height is much smaller, compared with that in other bump 
formation methods. The Figure 12 shows the comparison of 
the bump licight distribution between micro-ball bumping and 
screen-printing method. Tlie average value of bump height is 
84.2 [xm for micro-ball bumping and 98.8^m for screen- 
printing respectively. The difference of the average height is 
caused by the difference in pad size u$cd and in solder 
volume. There is significant difference observed in the height 
distribution. Tlie height variation in micro-bnll bumping 
method is very small. 


Al electrode 


Flux 


Psssi^ation 



Zincate 




Flux sismpini! 


Solder Micro-Ball 


BntI Mourning 


Rcflovv &. Cleaning 


.^lJ flash 


Figure 6. Process flow to form UBMs and solder bumps by 
micro-ball buiriping. 



Figure 7. a picnjre of 8 inch wafer with solder bumps (lowe-) 
and SEM image of solder bumps (upper). (63Sn-37Pb solder 
balls of 100 i-im in diameter are used. Total number of bumps; 
3S5,000). 
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Figure S. An example of irregular sphericity ball 
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figure 9. Cross sections of solder bumps formed using 
solder bails of 1 00 M""" '"^ diameier on Ni / Am UBM^ by 
elenroless plating. 



0;Lcft 





Avr. 5t?.U gf 

Si J. 2.48 gf 
( I50fauni|)i) 


50 


40 


30 


20 


10 


c 

s 

o 

I 


Micro-ball 


Avf. 54 (jro 


I 1 I 



max : 85.5 
min : «2.0 
avf : 84.2 
ni\ : 0.9 
(Mm) 


I 1 I t I 


^8 -6 -4 -2 0 2 4 6 8 
Difference of bump licighi (p ill) 


Paste printing 


nVAx : 104.0 
min : 92.0 
avi- : 98.8 
std : 2.9 
(Mm) 


Ayr, 9,8 ^im 


50 
40 
30 
20 
10 


-6 -4 -2 0 2 4 6 8 
JDifference of bump height (pan) 
Figure 12b. Height variution of pitsie prindng (bumps 
formed by printing paste). 




Fi jnjrc 10. Height variation of micro-ball bumps in an 8 
inch wafer. 


Figure 1 1 . Shear strength variation of micro-ball bumps 
in an 8 inch wafer 


0-7803-703$-4/01/$ 10.00 (C)2001 IEEE 


2001 Electronic Components and Technology Conference 


Apr, 200 3 1 3: 


4 1*! I' I 


jShl^ASSOC. 81-3-54 (0-19:1 



Figure 13. Typical failures of bumps after reflow (solder alloy: 
63Sn-37Pb, ball diameier: lOO^m). 
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Figure 1 5. Bump heighi for the various ball sizes used 
(80, 100, and 150 \im). Electrode pad size; 1 1 Ox 1 10 
firrt 63Sn-37Pb solder balls were losed. 
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Figure 16. Shear sirengih of the various ball size (80, 100, 
and 150 fim). Electrode pad size: \ lOx 1 10 |uim. 63Sn-37Pb 
solder balls were used. 
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Figure 14. SEM images of bumps formed by using various 
balls, a) Sn-2.6Ai?-0.6Cu/ 80 jam in diameter, b) 63Sn-Pb/ 80 
Mm in diameter, c) 63 Sn-Pb/ 1 00 mliti in diameter, and d) 63 Sn- 
Pb/ 150 ^m in diameier (electrode pad pitch: 250 ^m). 
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Figure ]7b. A cross-scction of a micro solder ball bump 
(heated at I25X: 108 hours). 



7.36 mm ^ 



L ^^«P 1 

0.4 mm 



)( ){ )( )i )( )( ) 




Printed circuit board 

T 0.75 mm 



^)-^ — Resistivity 


Figure 18a. A schematic diagram of Flip Chip bond for 
Thermal Cycle Test (Solder ball size: 300 jAm). 
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Figiirel3 shows typical failure panerns observed after 
reflov. Such problems as bump-io-b^imp bridging or ball 
missing could be resoK'cd by optimizing the chickiiess and 
type of flux, or rcflow conditions, bail transference conditions. 

Figure 14 showV SEM imagej of bumps foiTried by u.Mng 
varioits size of 63Sn-37Pb and Sn-2,6Ag-0.6Cu balls from 
80^m to I50|jm in diameter. For all cases the same size of 
UBMs (I lOpm.xl lO^im) is used. The bump height increases 
with increasing ball size used as shown in Figure 1 5. There are 
no significant differences observed in bump shape as well as 
bump height between Sn-63Pb and So-2.6Ag-0.6Cu 
composition. Figure 16 shows the shear stiengih of bumps 
measured as re flowed depending on the ball size. The value of 
the shear strength for Sn-2.6Ag-0.6Cu alloy is markedly high 
compared with 63Sn-37Pb alloy. All bumps were sheared 
inside of the solder bumps, 

A test of high temperature heating at 125'C for 200 hours 
is conducted on the bumps fonned by using Sn-Pb balls of 
I00|im in diameter Shear strength of Sn-Fb bumps decreased 
slightly with heating at 125 t for 108 hours. The decrease in 
shear strength is also observed by aging at room temperature 
after re flow in Sn-Pb bumps. The decrease appears to be 
related to the precipitation of Pb in Sn base phase. Figure ! 7b 
shows an optical micrograph of cross section of the bumps 
heated at I25*C for I OS hours. The value of the shear strength 
is kept to be almost constant for further heating. 

Furthermore, the junction reliability of the FC bonding in 
Pb free materials is evaluated by TCT (Thermal Cycle Test). 
Figure 18a shows schematic diagram of test configuration. In 
order to clarif}' the effect of the material, test samples of FC 
bond are prepared without undcr-fill where the balls of 300 
Mm in diameter are used. The solder materials of $n-3.5Ag, 
Sn-2.6Ag-0.6Cu, Sn-3Ag-0.75Cu-3Bi and 63Sn-37Pb are 
tested. A junction state is checked for the bumps of the 
outermost circumference of chip by resistivity measurement, 
and the failure number is counted. The samples are thermal 
cycled from -40^C to 125*^. A result is shown hi Figure ]8b- 
All three of Pb free materials are superior in fatigue resistance 
to 63Sn'37Pb solder. 

Tliis paper described wafer bumping method using micrc- 
balls. This micro-ball bump method is also applicable to 
bumping on diced chips as well as substrate [5]. Figure 19 
demonstrates an example of bumps formed on the PCB 
substrate, having electrode wirh 140 ^m pitch. 
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Figure 18b. The result of TCT using 300 jum solder balls 
(TCT condition: -40*C (20min)/ 115°C (20 min)). 
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